In the present study, peri-implant tissue alteration was studied histologically, and then differences in the gene expression pattern of certain proteins were analyzed using cDNA microarray analysis, under the influence of static lateral load. Beagle dogs were divided into two groups: control and load. Three months after the extraction of mandibular premolars, two implants were placed in each side of the mandible. Each group was further divided into subgroups for loading times of 1, 7 and 14 days. Immediately after the implant installation, a loading device was adhered between the abutments of neighboring implants. Afterward, the expansion screw of the load group was activated by 360-degree rotation, resulting in 0.7 mm horizontal expansion. After sacrificing the dogs, peri-implant tissue was collected, then microarray analysis for the detection of gene expression was performed, as well as histology. Histology indicated that the peri-implant tissue broke down under the influence of the load. Microarray analysis demonstrated the presence of load-sensitive gene expression even after 1 day. Differences in gene expression patterns in concert with static lateral load were demonstrated, even at an early stage post-operation. Further study may help in the diagnosis of pathological overload.
Introduction
Dental implants have been extensively used for oral rehabilitation of edentulous patients over the last three decades (1) (2) (3) . For the first time, it has been advocated that a healing period of 3 months in the mandible and 6 months in the maxilla is a prerequisite for osseointegration (4), (5) . However, with improvement of surgical techniques, design of fixtures and characteristics of implant surfaces, the healing period has been shortened (6) . In addition, early or immediate loading procedures have recently been introduced into clinical use and have shown high success rates (7) (8) (9) . On the other hand, some reports have shown that occlusal forces on a dental implant can result in loss of marginal bone or complete loss of osseointegration (10), (11) . Thus, it is not clearly understood whether occlusal force causes implant failure, and more evidence is needed to demonstrate the relative merits of immediate loading. Peri-implant bone loss or the lack of new bone formation depend upon bony cells such as osteoclasts or osteoblasts. The cellular events around overloaded implants are still not well Vol. 4, No. 3, 2009 known. In the present study, peri-implant tissue alteration was observed histologically, and then differences in gene expression pattern of certain proteins were analyzed using cDNA microarray analysis.
Materials and Methods

Experimental Design
The experimental outline of this study is shown in Fig. 1 . Control and load groups each had four 1.5-year-old female beagle dogs. Each group was divided into subgroups for loading times of 1, 7, and 14 days. All animal experiments were approved by the animal experimental committee of Kyushu University and in accordance with the guidelines for animal care. 
Implant and Surgical Procedures
At baseline (0 weeks), the 2nd, 3rd and 4th bimaxillary premolars were extracted. After a healing period of 3 months, two dental implants (Nobel Direct®, 3.0mm X 13mm; Nobel Biocare, Gothenburg, Sweden) were placed in the edentulous region of each side of the mandible, as per the manufacturer's surgical protocol.
All surgical procedures were performed under systemic anesthesia with 0.1 ml/kg atropin sulphate, 0.2ml/kg xylazine hydrochloride and 25 mg/kg pentobarbital sodium and local anesthesia with 2% lidocaine hydrochloride with 12.5µg/ml epinephrine.
After the surgery, mechanical cleaning with 0.12% chlorhexidine gluconate solution irrigation was performed daily.
Loading Device and Loading Procedures
The procedure of loading was based on a previous report with some modifications (12), (13) .
Immediately, after implant installation, an orthodontic expansion screw (Vector50, Standard-Expansion Screw Micro 3mm, Scheu dental GmbH, Germany) as a loading device, which was connected to the order-made coping made by self-setting acrylic resin (Unifast II, GC, Tokyo, Japan) , was adhered between the abutments of neighboring implants using resin cement (Superbond, Sun Medical, Kyoto, Japan) in order to load implants horizontally (Fig. 2) . After setting the cement, the expansion screw of the load group was activated by 360-degree rotation. The screw in the control group was not rotated. Rotation of 360 degrees resulted in 0.7 mm horizontal expansion.
Measurement of the magnitude of the load
It is impossible to measure the magnitude of the stress around the implant directly in the bone. In the present study, the stress generated on the implant surface was measured with a strain gauge technique to assume the stress distributed in the bone. To measure the strain on the implant, a strain gauge (KFR-02N-120-C1-16N10C2, Kyowa Electronic Instruments, Tokyo, Japan) was attached to the neck of the implant, which was installed into the isolated jaw bone of the canine (Fig. 3) . The electric signals from the strain gauge were amplified and transmitted, and recorded using a personal computer (ThinkPad X21, IBM, Tokyo, Japan) following A/D conversion (PCD-300A, Kyowa Electronic Instruments). 
Specimen Preparation and Histological Analysis
One, 7 and 14 days after the start of the load, the animals were sacrificed with an overdose of pentobarbital sodium. Block biopsy including the implant with the adjacent hard tissue was dissected, and tissue blocks were fixed by immersion in 4% paraformaldehyde and 5% glutaraldehyde solution (pH 7.4) for two weeks. The bone segments were then dehydrated in a graded series of ethanol and 100% asetone and embedded in polyesther resin (Rigolac, Nissin EM, Tokyo, Japan). Sectioning and grinding were performed as described previously (14) . Ground sections 30µm in thickness were stained with toluidine blue and observed using light microscopy.
Isolation of Total RNA and Microarray Analysis
The animals were sacrificed and the compressed side of the bone around the implants was collected by Micross (META, Reggio Emilia, Italy) after 1 and 7 days for both the control and experimental groups. Collected bone was immediately homogenized (Ultra-Turrax® T 8, Ontario, Canada) and then total RNA was extracted with the SV Total RNA Isolation System (Promega, Madison, WI), according to the protocol suggested by the manufacturer.
In order to evaluate gene expression, microarray analysis was employed using the Affymetrix Gene Chip; Canine Genome Array (Affymetrix, Santa Clara, CA). This array represents more than 24,000 verified canine sequences. However, in the present study, we focused only on bone-formation-related proteins (osteopontin [ (20) , cyclooxygenase-2 [COX-2] (20) , and c-fos (21) ) (Table 1) . Then, microarray was performed.
The data obtained by microarray analysis was further analyzed using GeneChip Operating Software ver1.2 (Affymetrix, Santa Clara, CA). In the present study, a comparison between control and load groups was performed and a 4-fold variation in expression between groups was ascribed as different. 
Results
The magnitude of the load
The magnitude of the strain generated on the strain gauge, which was adhered to the necks of the implants, was 1954µε (Fig. 4) . 
Histological findings 1 day
In all groups, blood clots were observed in the vicinity of the implants. Peri-implant new bone formation was not observed (Fig. 5 ). There were no marked differences between control and load groups.
days
In the control group, new bone formation was seen all around the implant. Bone formation occurred distant from the surface of the implant (Fig. 6) .
In the load group, on the non-pressure side, new bone formation in the vicinity of the implant surface was seen in the middle of the implant. In contrast, on the pressure side, new bone formation could not be seen adjacent to the implant surface, but was observed to some extent distant from the implant surface. (c) load group; pressure side Newly-formed bone cannot be observed adjacent to the implant surface, but is observed distant from the implant surface (arrows).
In the control group, newly-formed bone was seen almost all over the implant surface. New bone was seen in direct contact with the implant surface. In the load group, however, bone formation around the implant was scarcely observed, but a connective tissue layer encapsulated the implant, in place of the bone (Fig. 7 ).
1.0mm 1.0mm 1.0mm
1.0mm
1.0mm 1.0mm Newly-formed bone is observed almost all over the implant surface and is seen in direct contact with implant surface (arrows).
(b) load group; non-pressure side (c) load group; pressure side Newly-formed bone around the implant is scarcely observed, but a connective tissue layer encapsulated the implant (*).
Gene expression
Gene expression patterns in the load group as compared to the control groups are shown in Fig. 8 .
day
Significant increases in the expression of OPN, ALP, BMP-2, Cath K, GLAST, IGF-I, TGF-β, PGE 2 , COX-2 and c-fos were observed in the load group.
days
Slight decrease in the expression of BMP-2 in the load group was observed. No other signal could be considered different between the groups. 
Discussion
The relationship between implant failure and load has been reported. Isidor et al. reported that premature contact of the implant prosthesis raised fibrous encapsulation of the implant (22) .
Hoshow et al. also reported marginal bone resorption of the implant with cyclic load (23) . In contrast, Heitz-Mayfield reported that premature contact did not provoke tissue breakdown (12) . According to a series of studies by Miyata et al., premature contact of 100 µm did not involve marginal bone loss (24) , however, 180 µm or more premature contact lead to marginal bone loss (25) . These results suggest that there is a threshold in the magnitude of the load that leads to marginal bone loss. Nevertheless, the relationship between implant failure and load is difficult to determine. In the present study, an orthodontic expansion screw was employed to operate the load. By this procedure, static lateral load could be made. As time goes by, this load may be gradually decreased because surrounding bone may be compressed, otherwise soft tissue encapsulation occurred. In this context, the load generated at the bone in the vicinity of the implant may be determined as gradual decrease load, in a precise sense. Previous studies revealed that the concentration of lateral stress occurred at the peri-implant cortical bone (26) , (27) .
Our study showed that breakdown of peri-implant tissue was observed under lateral static load, which was in contrast to previous studies. This may be because the magnitude of the load employed in the present study was different from that in the previous studies. According to the mechanostat theory raised by Frost (28) , the magnitude of the strain generated on the surface of the implant (1954 µε) is within "mild overload", which may not lead to bone breakdown. However, our histological data showed bone breakdown around the loaded implant. The load value in the present study was generated on the surface of the implant, not in the bone. It is difficult to measure the load on the peri-implant bone, and a larger magnitude of load may have been applied to the bone. Our microarray data showed differences in gene expression patterns between control and load groups, even after 1 day, despite similar morphology between groups. According to some previous studies, osteocytes are proposed to be mechanical sensor cells. (29) (30) (31) (32) The load leads to deformation of the bone, which stimulates the alteration of the cell signal of osteocytes (29) . In addition, strong load may cause microcracks in the bone, which induces apoptosis of osteocytes (33) (34) (35) . In the present study, the expression of OPN, ALP, BMP-2, Cath K, GLAST, IGF-I, TGF-β, PGE 2, COX-2 and c-fos showed increases. The increases of OPN, ALP and BMP-2 indicate osteoblastic promotion. Cath K is typically expressed only by osteoclasts. In addition, PGE 2, COX-2 and c-fos are known to mediate osteoclastic differentiation (36) (37) (38) . These results imply that after 1 days, bone turnover increased with both osteoblastic and osteoclastic promotion; however, bone resorption is supposed to be more strongly promoted than formation. This is similar to findings in rats with ovariectomy-induced osteoporosis (39) . After 7 days, only BMP-2 indicated slight decrease in its expression and the expression of other proteins showed no differences from control. It is suggested that the pressure acting on implant-bone interface generated by the expansion screw may represent time-dependent decrease so that there were no difference in gene expression at 7 days. We demonstrated differences in gene expression pattern in concert with static lateral load, even in the early stage of post-operation. Further accumulation of data, especially the result of cyclic load may help the diagnosis of pathological overload in the future.
Conclusion
In the present study, the alteration of peri-implant bone response under the influence of static lateral load generated by expansion screw was examined. Vol. 4, No. 3, 2009 As a result; 1. A certain magnitude of static lateral load induced peri-implant bone loss and fibrous encapsulation around the dental implant. It is suggested that severe static load inhibited osseointegration between dental implant and bone. 2. Static lateral load affected the bone-related gene expressions around the bone-implant interface.
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